The aim of this study was to evaluate the association between size at birth (birthweight and birth length) 
Introduction
The evidence linking nutritional status to subsequent risk of morbidity and mortality at all ages is well-established 1, 2 . Evaluating the nutritional status of children and adolescents is particularly relevant, given the possibility of carrying out early interventions against under-or over-nutrition, both of which are important public health problems 3 . Studies on the epidemiology of nutritional status have focused much more attention on weight and body mass index than on height. However, height alone has been associated with several outcomes and all-cause mortality 4 . Particularly in terms of respiratory and coronary heart disease, shorter subjects are more likely to die prematurely than taller ones 5, 6 .
Prevalence of stunting in Brazilian children is still relatively high 7 , although marked declines have been observed for wasting and underweight 8, 9 . Studying linear growth among children may provide clues on the persistence of adverse conditions limiting the achievement of biological growth potential 10, 11 . Size at birth reflects intrauterine growth, and it has been suggested that it may affect later height 12 . In addition, post-natal growth has also been related to attained size 13, 14 .
Relatively few studies have explored the effects of early size on height in later life. In Brazil, Drachler et al. 10 reported a positive association between birthweight and stature at 12-59 months. In a Polish study 11 , birthweight for gestational age was positively associated with height at 14 years. In a study of Danish adults, Sorensen et al. 12 found that although both birthweight and birth length presented a crude positive association with adult height, after adjustment for each other, the effect of birth length was much stronger.
In this paper, we evaluate the association between size at birth (birthweight and birth length) and height in early adolescence in a cohort of over 4,000 Brazilian children followed prospectively since birth.
Materials and methods
Pelotas is a city with 323,000 inhabitants located in the extreme South of Brazil; 93% living in urban areas. In 1993, all hospitals were monitored daily, and mothers of all newborns were invited to join a prospective study (more than 99% of all deliveries in the city in 1993 took place in these hospitals) 15 . Mothers were interviewed shortly after delivery on demographic, socioeconomic, and health-related variables. Newborns were weighed by the study team with pediatric scales accurate to 10g, and were measured with stadiometers accurate to 1mm. Gestational age in weeks was estimated based on physical examination using the Dubowitz method 16 . Birthweight and birth length were converted into z-scores using the Centers for Disease Control and Prevention (CDC) reference curve 17 (other available curves start at 48cm four birth length, and would have excluded almost a fourth of our sample). Children were classified as having small (SGA) or adequate (AGA) birthweight for gestational age according to the 10 th centile of Kramer references 18 .
In 2004-2005, a search was conducted for all the cohort members using two citywide censuses. The approximately 100 schools and all 100,000 households in the city were visited in order to help locate subjects born in 1993. Those identified were linked to the cohort database. Individuals who had not been identified through these strategies (approximately 15% of the cohort members) were searched for in their previously available addresses and by asking other cohort children. Deaths between 1993 and 2005 were monitored. Further details of the strategies used to trace cohort members have been described elsewhere 19 . Height at 11 years was measured in the homes using a portable stadiometer accurate to 1mm. Weight was measured with an electronic scale (SECA, Australia), accurate to 100g. For girls, age at menarche was investigated through maternal recall.
Interviewers in the 2004-2005 visit were trained for two weeks in the application of a standardized and pre-tested questionnaire, and in the measurement of weight and height. Standardization sessions were carried out before the start of data collection and every month during the fieldwork. Reported measurement errors from the National Center for Health Statistics (NCHS) 20 were used as the maximum acceptable limits in these standardization sessions. Approximately 10% of the interviewees were re-visited by a field supervisor one or two weeks after the original interview, and a short version of the entire questionnaire was applied for quality control.
Double data entry was carried out in all phases of the birth cohort study. Descriptive analyses included calculation of means and standard deviations for quantitative variables, and proportions and 95% confidence intervals (95%CI) for categorical outcomes. Mean height at 11 years was included as the outcome in simple linear regression models, using continuous birthweight and birth length as independent variables. Pearson correlation coefficients between height at 11 years and independent variables were also calculated. Analyses were stratified according to birthweight for gestational age. In the multivariate analyses, multiple linear regression models were used. Confounding variables included in the analyses were maternal weight and height at the beginning of the pregnancy, family income, maternal smoking during pregnancy, parity, maternal schooling, maternal age, and child's sex. The outcome variable (height at 11 years) presented normal distribution, as did birth weight and length, expressed as continuous variables. Linear regressions assumptions -normal distribution of the residuals, linear association between outcome and exposures and homogeneity of the variance -were confirmed by visual inspection of the graphs.
The 3), while those who were lost to follow-up had a mean of 48.5cm (SD = 2.8; p = 0.002). Mean birthweight values were, respectively 3,175g (SD = 522) and 3,050g (SD = 676; p < 0.001). Nearly a fourth (23.5%) of those located were small for gestational age. At 11 years, mean height was 145.8cm (SD = 7.9) in the whole sample, with 144.9cm (SD = 7.7) for boys and 146.8cm (SD = 7.9) for girls. Table 1 describes the sample visited at 11 years in terms of perinatal and current variables. The results are stratified by birthweight for gestational age (small or adequate). Small for gestational age was significantly associated (p < 0.05) with low income, poor maternal education, young maternal age, smoking during pregnancy, and lower maternal weight and height. AGA children were 3.4kg heavier and 3.3cm taller than those born SGA.
The Pearson correlation coefficient was calculated between perinatal (birthweight and length) and current (weight and height) anthropometric variables. All correlations were positive and significant (all p values < 0.001). Current height presented a 0.24 correlation with birthweight, 0.25 with birth length, and 0.70 with current weight. Birthweight and birth length presented a correlation of 0.76. Table 2 shows that height at 11 years was positively associated with both birthweight and birth length. Comparing the extreme groups of birthweight, a difference of 9.0cm in terms of height at 11 years was detected. In terms of birth length, the equivalent difference was 7.3cm. Figure 1 shows two separate regression models using height at 11 years as the outcome and birthweight as the independent variable: one for SGA and another for AGA children The association between height and birthweight was positive in both groups, and apparently stronger for AGA than for SGA children. However, the p value for interaction was 0.56. Figure 2 shows the same analyses for birth length. Again, a direct association was observed in both groups, but it was significantly stronger for AGA children (p for interaction equal to 0.001). Table 3 presents results of the crude and multivariable analyses. Birthweight and birth length (z-scores) were treated as continuous variables. The crude positive effect of birthweight on height at 11 years became smaller but remained statistically significant after adjustment for confounding perinatal variables (model 1). This association was no longer significant after inclusion of birth length in the model. In terms of birth length, positive associations were found regardless of the model, although the magnitude of the association was slightly reduced after adjusting for confounders. These results were consistent for AGA and SGA children, although the magnitude of the association between birth length and height at 11 years was twice as high in AGA children. Based on model 2 results, a one z-score increase in birth length is associated with a 1.63cm increase in height at 11 years (2.07cm for AGA and 1.15cm for SGA children).
Because pubertal stage is associated both with birth size 21 and with height in early adolescence, we tested whether the association between birth length and height persisted after adjustment for age at menarche. The unadjusted regression coefficient was 0.84 (95%CI: 0.70; 0.99). After adjustment for age at menarche, it was virtually unchanged (regression coefficient 0.84, 95%CI: 0.71; 0.97).
Discussion
A positive association between birth length and height in early adolescence was found in this prospective birth cohort study including almost 4,500 Brazilian adolescents. A similar effect was observed for birthweight in the crude analysis, but adjustment for birth length removed the effect of birthweight on height in early adolescence. Sorensen et al. observed similar results in a study of Danish adults 12 , in which both birth length and weight presented positive associations with later height, but after adjustment for one another, the effect of length was much more marked than that of weight.
Koziel & Jankowska 11 observed an effect of birthweight on height at 14 years, but no adjustment was made for birth length. Their findings are similar to our crude results. Also consistent with our results is their finding that SGA children presented lower height in adolescence than AGA children. In a Brazilian study of children aged 12-59 months, Drachler et al. 10 reported that birthweight was a strong predictor of stature, but this finding is not directly comparable to ours due to different age range and lack of adjustment for birth length. In short, our analyses are consistent with studies conducted in different settings, showing a crude association between height and both birth weight and length, and also suggesting a stronger role for birth length. A previous Brazilian study using data from the Ribeirão Preto cohort 22 also showed that the effect of birth length on later height is stronger than the effect of birth weight.
An interesting finding of our study, that we were unable to find in the published literature, AGA: adequate for gestational age; SGA: small for gestational age.
* Differences signifi cant at the 0.05 level. Table 2 Mean (standard deviation -SD) height at 11 years according to birthweight and birth length categories. Linear regression between birthweight and height at 11 years among small (SGA) and adequate for gestational age (AGA)
children.
p value for interaction = 0.56.
was documentation of a stronger effect of size at birth on later height among AGA than SGA children. One may speculate whether the adverse social and environmental conditions faced by SGA children -both in utero and probably persisting after birth -may somehow contribute to weakening the expected association between birth size and later height. Data from Table 1 confirm that SGA and AGA children differ in various aspects: mothers are poorer, younger, less educated, more likely to smoke during pregnancy, shorter, and thinner. Family income is also lower among SGA children in comparison to AGA ones. The study limitations include not being able to trace 12% of the original sample and lack of information on paternal height, a variable that was difficult to collect because many of the fathers were not available during the interview. The overall follow-up rate (87.5%) can be considered excellent in comparison to other cohort Linear regression between birthweight and height at 11 years among small (SGA) and adequate for gestational age (AGA) children.
p value for interaction < 0.001. Table 3 Effect of perinatal variables on height at 11 years; crude and multivariable analysis.
Variable
Linear regression coefficients (95%CI) studies that also need to actively search for participants. Although mean birth weight and length were significantly different between those traced at 11 years and those not traced, the magnitude of the differences is not large. Maternal height was measured, and its inclusion in the analyses helps to at least partially adjust for the effect of genetic conditions on adolescent height 23 . An important variable to adjust for is pubertal stage. Among girls, we were able to collect data on age at menarche, and our results did not change after adjusting for this variable. Therefore, we do not believe our findings are confounded by pubertal stage. Birth length has received considerably less attention than birthweight in the literature, possibly because it is measured less often, and -even when it is -more difficult to assess precisely. Further studies are required comparing the longterm consequences of being short at birth. 
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